Two types of polymers (plastomer (functionalized polyethylene (PE)) and elastomer (styrene-butadiene-styrene (SBS))) were used for shifting up asphalt binder performance grade (PG) and tensile strength resistance (moisture damage) of the asphalt concrete mixture. It is found that adding 3.5% functionalized polyethylene (PE) polymer to the binder is more effective than adding 4% styrene-butadiene-styrene (SBS) to shift up asphalt PG by two grades to PG 76-16. Furthermore, the viscosity of the binder increased about 200% when using 4% SBS, while there is no significant effect on viscosity when 3.5% PE is used. erefore, there is no need to increase the temperature of mixing and compaction which may affect polymers. e indirect tensile test was used for measuring tensile strength ratio of dry and wet samples (conditioned according to ASTM D4867) and found that this ratio increased by 10 to 18% when using 4% SBS and 3.5% PE, respectively. Fracture energy (area under the strength-strain curve) and elasticity were estimated for neat and modified mixture samples.
Introduction
Due to the increase in traffic volume and temperature, better performance of the asphalt pavement is required; therefore, less susceptible asphalt mixture to a high temperature to resist rutting, temperature cracking, and moisture damage should be produced. Asphalt properties can be improved by polymers in order to get the best performance of road pavements. Modification of asphalt is mainly dependent upon the polymer concentration, the chemical composition, the molecular weight, the raw source, the reference of asphalt grade, and the process of refining [1] . Polymers are usually mixed with asphalt to increase the stiffness and elasticity and decrease stripping or moisture sensitivity of the HMA, and sometimes for aging resistance. When polymers are used as a modifier to the asphalt binder, some properties should be considered, such as the compatibility with the binder, the feasibility of mixing and laying with the conventional methods and tools in the field, and the workability of the mixture during the mixing process [2] . In general, there are two types of polymers: elastomers such as styrene-butadiene-styrene (SBS) and plastomers such as functionalized polyethylene. e SBS elastomer modifier is mostly utilized as an asphalt binder modifier in the bitumen industries [3] .
e addition of SBS to the asphalt binder would result in an improvement in the permanent deformation resistance of the asphalt binder (which is expressed by G * /sin δ) due to the absorption of bitumen oil portion by the elastomer phase of the modifier [4, 5] . Asphalt mixtures suffer from different types of distresses. One of the major distresses is moisture damage, which is defined as the reduction in the mixture strength due to the effective existence of the moisture in voids.
e moisture damage appears in two mechanisms when the load is applied: stripping (adhesion loss) and softening (cohesion loss) [6, 7] .
Aims and Objectives
e aim of this paper is to improve the rheological properties of the Iraqi asphalt binder by modifying it with two types of polymers, plastomer and elastomer (SBS and PE), and increasing moisture resistance of modified local asphalt mixtures which will be proved by using the indirect tensile test and fracture energy theory.
Materials and Methods
e rheological characteristics are achieved by conducting Superpave tests such as dynamic shear rheometer (DSR) and bending beam rheometer (BBR) tests, rolling thin film oven (RTFO), and pressure aging vessel (PAV). RTFO and PAV are used to simulate the short-and long-term aging of asphalt, respectively. e rotational viscosity (RV) test has been used to characterize the mixing and compaction temperatures. e rheological characteristics of the control bitumen are tabulated in Table 1 , and it has been found that the PG is (64-16).
Polymers.
In the last few decades, polymers are widely used as asphalt modifiers to improve the asphalt concrete performance in the field to withstand the growth of traffic volume. e addition of polymers to the binder will eventually increase the resistance of the asphalt concrete mixture to rutting, moisture damage, and fatigue cracking.
e bitumen rheological properties are affected by polymer chain arrangement. Each chain in the polymer has several monomers that contribute to identifying the degree of polymerization. e properties of the polymer are dependent upon the length of its chain and the range of the cross-links and the production methods [8] . Daurah asphalt binder is utilized in this study as the neat bitumen, and two types of polymers according to deformation properties are used, which are "styrene-butadiene-styrene" (SBS) elastomer and "functionalized polyethylene" (PE) plastomer.
Polymer Concentration.
e production (mixing) temperature is considered an important factor that should be controlled. e increase in the content of the modifier would result in an increase in the modified binder viscosity which eventually would require higher mixing temperatures [9] . Based on the previous research by Abed [10] , which studied different percentages of SBS and functionalized PE, it has been found that 4% SBS and 3.5% PE increased the PG by two grades (PG 76-16) which is required in Iraq. erefore, 4% SBS and 3.5% PE were considered in this research to increase the performance of the asphalt binder by two grades compared to the neat binder.
Preparation of Polymer-Asphalt Concrete Mixtures.
e preparation of the modified asphalt bitumen requires mixing the neat binder with the modifier. Two methods of mixing are known in this matter which are performed by the high and the low shear mixer. e low shear mixer simply consists of a blending container and a stirrer. e blending process would result in mixing the neat binder with the modifier by either swelling or dissolving process, and the temperature should be constant during mixing.
e high shear mixer is used to reduce the size of polymer particles by mixing using mechanical shear and hydrodynamic efforts. In this case, the temperature is increased during the mixing process at a constant rate to allow the polymer to be dissolved in the neat binder and to produce a homogeneous mixture [11] . After considering the RTFO and PAV tests, it was ensured that the polymer did not separate or deposit from the binder which gives an indication of compatibility and stability.
e process started with heating up the neat binder to 160°C for 60 minutes, and then the SBS was added gradually to the neat binder and mixed mechanically for 30 minutes using a locally manufactured mixer simulated for this purpose. After the polymer addition process was completed, the mixture was then stirred in the mixer for 120 minutes at 180°C and at a shear rate of 2220°rpm to produce a homogeneous mixture; the mixing process is shown in Figure 1 . e mixing process is terminated when the resulting modified asphalt is kept stable and does not climb the mixer shaft which gives an indication of homogeneity. However, if particles of the modifier are still visible in the mixture, the mixing process should be continued until the modifier is fully dissolved in the binder.
On the contrary, mixing the PE modifier with the neat binder is easier than mixing the SBS modifier due to the lower temperature and duration required for mixing, 145°C and 90 minutes, respectively. is will reduce the effect of oxidation during mixing.
Modification of Asphalt Binder.
e rheological characteristics that are listed in Table 1 for the base asphalt binder do not meet traffic, climate, and pavement structure requirements in Iraq.
erefore, it is required to raise the performance grade of the local asphalt binder by incorporating modifier as one of the good processes to enhance the asphalt binder characteristics, which is related to pavement failure.
It is noticed that the effect of different polymers on the failure modes is associated with the type of interlinkage between the asphalt binder and polymer, the molecular nature of the polymer additive, and the way of dispersion in the asphalt [12] . Tables 2 and 3 show Superpave parameters of the modified asphalt binder with 4% and 3.5% SBS and PE, respectively.
Selection of Aggregate Gradation.
e aggregate mixture with 12.5 mm nominal maximum size is selected. e gradation of the aggregate meets the range of gradation limits specified by SCRB [13] for dense mixtures of the wearing course, as shown in Figure 2 . e aggregate particles were sieved and separated to various sizes and stored in bins to be batched in preparing the asphalt mixture.
Two samples were prepared for each binder content for the evaluation of the optimum binder content. Samples are then compacted using the gyratory compactor.
e ESAL for Baghdad City was 30 million to determine the number of gyrations that should be performed in the gyratory compactor. Table 4 shows the initial, design, and maximum number of gyrations (N initial , N design , and N max ) specified for the ESALs according to the study in [14] . It is important to mention that all the samples are compacted using N max to find the optimum asphalt content, while the compaction and volumetric properties are estimated at the design number of gyrations for all trials of bitumen content.
e calculation of %G mm with the required Advances in Civil Engineeringgyrations (N initial was achieved less than 89%, N design equaled 96%, and N max was achieved less than 98%) is tabulated in Table 5 .
Viscosity of the binder plays an important role in the estimation of the compaction and mixing temperature, especially when the asphalt was modi ed with polymers [15] . e change in density with respect to the number of Advances in Civil Engineering gyrations can be calculated by making use of the specimen height change and the bulk speci c gravity of the sample. Figure 2 shows aggregate gradation.
Results and Analysis
A modi er can be selected to enhance one or more of the main performance-related properties of asphalt. Tables 1-3 show Superpave parameters estimated according to Superpave standard tests under various temperatures for raw and two types of modi ed binders. It can be seen that although the PE modi er is shifting up the performance grade with the same jump of the SBS modi er, there are no signi cant e ects on viscosity. erefore, there is no need to increase the temperature of mixing and compaction which may a ect polymers, and consequently, aging is not a ected. However, regarding SBS, three steps were performed to decrease the e ect of aging which are increasing the mixing energy by using larger stirring arms, increasing temperature to 180°C, and using a cover to prevent oxidation during mixing. ese steps resulted in a decrease in mixing time which eventually slowed down the aging process. Furthermore, 3.5% PE is used for shifting up the performance by two grades, while 4% SBS is needed to achieve PG 76-16. Since the goal of this study is to evaluate the moisture resistance of the mixture due to the addition of polymers, the mixture fatigue resistance was not studied intensively. However, the modi ed binder resistance to fatigue was characterized and represented as G * /sin δ and is shown in Tables 1-3 and found to be improved.
Dry and wet conditions were used to evaluate the maximum indirect tensile strength of the samples. Figures 3 and 4 show a comparison of tensile strengthstrain curve results for the neat and modi ed mixtures and depict the e ect of the modi ed binder type for wet (conditioned) and dry (unconditioned) samples. e results indicated that the moisture negatively a ected the indirect tensile strength results. e conditioned samples according to ASTM D4867 su ered from less strength compared to unconditioned samples, as shown in Figure 5 .
On the contrary, the mixture that is modi ed with functionalized polyethylene has higher strength for both dry and wet samples. Figures 6 and 7 show the e ects of modi er type on fracture energy (area under the strength-strain curve) and elasticity (maximum slope of the strength-strain curve). e results in Figure 8 depict that the mixture modi ed with functionalized polyethylene has higher maximum tensile strength ratio and fracture energy ratio than the mixture modi ed with styrene-butadiene-styrene. It can be concluded that the TSR and fracture energy are higher for functionalized polyethylene than SBS.
is is due to the fact that the functionalized polyethylene is a plastomer polymer which has small e ect on the viscosity of the modi ed binder unlike SBS which absorbs oil fractions of the binder and causes swelling of the elastomers which will result in high viscosity of the modi ed binder due to the physical network between the modi er and the binder. Consequently, the adhesion of the aggregate with the modi ed binder will be improved. 
Conclusions
Two types of polymers were added to the Iraqi asphalt binder in this research: "functionalized polyethylene" (3.5% PE) plastomer and "styrene-butadiene-styrene" (4% SBS) elastomer.
According to Superpave technology, the rheological properties were found for base asphalt to be PG 64-16; for modified asphalt, the PG was raised to PG 76-16 for both types of modifiers. e viscosity of binders increased to about 200% when 4% SBS was used, while there was no significant effect on viscosity when 3.5% PE was used. erefore, there is no need to increase the temperature of mixing and compaction which may affect polymers. e results of wet samples showed that the elasticity was increased by 40% and 14% by adding 4% SBS and 3.5% PE, respectively. Nevertheless, the area of fracture decreased by 22% as 4% SBS was used and increased by 14% for 3.5% PE. Regarding percent of strength ratio, it was increased by 18% and 10% when modified by 3.5% PE and 4% SBS, respectively.
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